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Genu valgum is a cause of knee pain and early arthritis which 
requires therapeutic action with external braces or surgery at a 
young age. This paper describes an image processing workflow 
and validation study for automatic characterization of the valgus 
deformity (i.e. genu valgum) from tibio-femoral x-ray 
radiographs. We implement an image processing pipeline 
starting with basic filtering and bone segmentation, followed by 
application of a Hough transform to determine the centerline of 
the diaphyses of the femur and tibia based on which a TF 
subtended angle is measured for each leg. Feasibility of this 
workflow is demonstrated on 21 short TF radiographs. The 
automatically computed angles were highly correlated (r2 = 0.85 
and p<<0.001) to the ground truth with a mean absolute error as 
low as 1.97°.  
 
2. INTRODUCTION 
Genu valgum, also known as knock knees, is a condition in 
which the knees angle inward and touch one another when legs 
are straightened, impeding individuals from touching their feet 
together. The valgus deformity is normal among 6 year-old 
children but after this age, this deformity is expected to resolve 
naturally with tibio-femoral (TF) angles stabilizing between 4° - 
6° by the age of 10 years [1-5]. Although genu valgum is a 
physiologic process in children, there are cases when the legs 
don’t straighten naturally and there is a need to identify whether 
the deformity is physiologic or pathologic; when pathologic, 
intervention is needed to avoid complications. Studies have 
confirmed that the valgus (i.e. knock-knees) and varus (i.e. bow-
legs) deformities can impact the postural stability on children 
[6].  Uncorrected genu valgum may cause knee pain and early 
arthritis [7] and therefore therapeutic action using external 
braces or surgical correction may be warranted for children over 
the age of 10 years.  
Genu valgum is diagnosed on anterior-posterior x-ray 
radiographic projections, by measuring the angle subtended 
between the tibia and the femur, known as TF angle or Q-angle. 
Although there is no consensus in which is the threshold to 
diagnose a patient with genu valgum, there has been studies to 
identify the normal TF angle value which classifies a normal TF 
angle in the range of 2° to 6° [2-5]. While these values denote 
the normal TF angle, some orthopedics specialists classify genu 
valgum when the TF angle is greater than 12°, 15° or even 18° 
[1, 2].  
TF angle measurements are usually made using calipers or 
a goniometer in the case of print radiology or using basic 
measurement tools available on most picture archiving and 
communication (PACS) software for radiology images [8]. In a 
manual measurement, the first step is to trace a line in the 
femoral shaft axis i.e. a line drawn from the center of the 
proximal femur to the center of the distal femur or center of the 
knee. The next step is to trace a line in the tibial shaft axis i.e. a 
line drawn from the center of the proximal tibia to the center of 
the ankle. After these lines are drawn and intersected, a 
goniometer is used to measure the angle between the lines i.e. 
the anatomic TF angle [9].  
In short radiographs, the femoral head or ankles are not 
visible (as opposed to long radiographs) and therefore the 
centerline of the bone diaphysis  is used as a reference to trace 
the lines necessary to evaluate the Q-angle – an approximation 
which may lead to a margin of measurement error. Ishii et al [10] 
studied this accuracy of the short radiograph in the measurement 
of the TF angle and found a correlation of 97% between long and 
short radiographs. In this study, we attempt to quantify Q-angles 
automatically from short radiographs by automating the process 
of identifying lines through the diaphysis of the tibia and femur 
for evaluating the Q-angle. 
 
3. METHODS 
A general framework for automatic characterization of the 
valgus deformity (i.e. genu valgum) from TF x-ray radiographs 
is presented. This section provides an overview of our procedure 
for image data collection, image filtering, segmentation, Hough-
transform feature extraction, Q-angle quantification and finally 
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validation based on statistical comparison against ground truth 
measurements by a board-certified, trained, pediatric 
orthopedist. 
 
3.1 IMAGE DATA 
Anonymized x-ray images of 9 patients with genu valgum 
and 12 healthy knees were obtained after appropriate 
institutional review board approval. All patients in our study 
cohort did not suffer any deformities owing to fractures or other 
conditions affecting the diaphysis of the femur or tibia.  
 
3.2 IMAGE PRE-PROCESSING & SEGMENTATION 
Each tibia and femur of each patient was possible to be 
processed separately by dividing up the radiograph into four 
equal quadrants, based on the inherent nature of the standard 
anterior-posterior short-radiograph acquisition. Three pre-
processing steps were performed sequentially to alleviate noise 
and contrast issues arising owing to x-ray acquisition noise or 
patient movement which reduces bone contrast in regions of the 
image (especially towards the top or bottom of the radiograph) 
and then intensify the bone regions in the image.  
First, intensity re-scaling was performed in each quadrant of 
the input image data. The intensity re-scaling process normalized 
pixel-intensity and was computed row-wise on the image so that 
brighter rows of the image were attenuated while dimmed rows 
of the image were brightened, such that:  
𝐼𝑠𝑐𝑎𝑙𝑒𝑑(𝑖) = 𝐼𝑟𝑎𝑤(𝑖) ∙
𝑀
𝑀 + 𝑚𝑒𝑎𝑛(𝐼𝑟𝑎𝑤(𝑖))
              (1) 
where, 𝐼𝑟𝑎𝑤(𝑖) represents the intensity values of the i
th  row of 
the raw image, 𝑚𝑒𝑎𝑛(𝐼𝑟𝑎𝑤(𝑖)) is the mean intensity of the i
th raw 




 acts as a weighting factor for 
preferential brightening of dimmer image rows. 
Secondly, histogram equalization was performed to increase 
the global contrast of the image. The x-ray images had three 
distinct intensity peaks evidenced in their respective histograms 
i.e. corresponding to dark areas, skin and bone, in increasing 
order of intensity. After equalization, the skin and bone intensity 
peaks were spread out further apart in the intensity histogram, 
which in-turn assisted the bone segmentation process. 
Finally, to reduce the Poisson distributed noise in the X-ray 
images [11], median filtering was performed which flattened the 
object edge intensities in the image and led to improved contrast 
to noise by replacing each pixel intensity with the median of 
neighboring entries.  
 Threshold-based binary image segmentation of the tibia and 
femur was accomplished in each image quadrant using a simple 
histogram-based approach where the optimal bone threshold 
intensity was simply chosen as the valley between the peaks in 
the pre-processed image histogram.  
 
3.3 Q-ANGLE QUANTIFICATION 
The diaphysis of each bone was identified by 
morphologically eroding the thresholded segmentation masks, in 
each radiograph quadrant, using a disc-shaped structuring 
element.  Morphological erosion was conducted iteratively until 
the L1 norm of the eroded image was less than one half of that 
of the original threshold segmentation mask. At each iteration, a 
Hough transform was computed to identify the two largest 
parametric lines representing lateral edge lines in the eroded 
image segmentation mask, each of which corresponded to one of 
the longitudinal edges of the bone to be identified.   
The mode of Hough-parameters representing the largest 
edge lines after N iterations of erosion (N=15) was used to 
robustly identify the lateral edge lines of the bones. The 
diaphysis for each bone was computed as the mean of the Hough 
parameters of these two edge lines.  Q-angle was computed 
based on the angle subtended between the tibial and femoral 
diaphysis lines, in each leg, again using the Hough-space 
representations of each identified diaphysis. 
4. RESULTS 
Figure 1 illustrates the effect of each of the pre-processing 
steps prior to image segmentation for the right femur of a 




Figure 1. Illustration of pre-processing steps prior to image 
segmentation: A) x-ray radiograph with the first quadrant being 
automatically selected in a red box; B) result of intensity scaling, C) 
result of image equalization; and D) result of image smoothing. 
 
The iterative erosion and Hough-transform quantification 
approach was successful in identifying the lateral edge lines 
representing the tibia and femur accurately identified the 
diaphysis centerlines of each bone for 19 patients in our cohort 
of 21 patients (see Figure 2).  
Figure 3 illustrates all the bone centerlines together for a 
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Figure 2. Illustration of the process of Q-angle calculation.  First the 
Hough transform identifies the first lateral line (A) and the second 
lateral line (B) of each bone.  Next these lateral lines are averaged to 




Figure 3. Calculated centerlines representing the diaphysis of both tibia 
and femur bones (blue) seen in a short radiograph, along with shifted 




Table 1 shows the automatically computed Q-angles, their 
respective ground truth values and error in Q-angle estimates for 
each patient in the study cohort. The ground-truth reference 
angles were characterized by a trained, pediatric orthopedist. A 
highly statistically significant correlation was observed between 
the automatically computed Q-angles and the ground truth 
evidence for our study cohort, with r2 = 0.85 and P<<0.001. 
 
Table 1. Automatically computed Q-angles, ground truth Q-angles and 







Patient # Left      Right Left Right Left Right 
1 19       19.5 20 24 1 4.5 
2 35 11.5 34 14 1 2.5 
3 7 4 6 8 1 4 
4 10.5 9 12 12 1.5 3 
5 9        13.5 8 8 1 5.5 
6 4 3.5 4 8 0 4.5 
7 2 8.5 10 10 8 1.5 
8 8.5 9.5 10 10 1.5 0.5 
9 9 6 8 6 1 0 
10 0.5 1 2 2 1.5 1 
11 4.5 3.5 4 4 0.5 0.5 
12 6 4 3 3 3 1 
13 5 4 4 4 1 0 
14 7.5 4 6 6 1.5 2 
15 1 1 2 2 1 1 
16 2.5 5 2 4 0.5 1 
17 2 -0.5 2 2 0 2.5 
18 -5 5.5 6 6 11 0.5 
19 2 5.5 4 4 2 1.5 
20 3 1 4 4 1 3 
21 1.5 5.5 4 4 2.5 1.5 
A sensitivity (i.e. true positive identification rate) of 88.8% 
was noted in the detection rate of genu valgum, using a threshold 
of 7° for abnormally high Q-angles. The corresponding 
specificity (i.e. true negative identification rate) of 91.6% was 
observed for detection of a normal knee joint when the valgus 
deformity was absent, for same 7° Q-angle threshold.  In order 
to further qualify the robustness of our method for a range of Q-
angle based classification thresholds, receiver-operator 
characteristic (ROC) curves were constructed (see Figures 4 and 
5, for left and right legs, respectively).  An area under curve of 
~0.77 was observed for identification of genu valgum in left legs 
or right legs.  
 
Figure 4. Receiver operating characteristic (ROC) for classification by 
logistic regression of left leg angles. Area under curve (AUC) = 0.77. 
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Figure 5. Receiver operating characteristic (ROC) for classification by 
logistic regression of right leg angles. Area under curve (AUC) = 0.77. 
5.0 DISCUSSION 
The automation of the calculation of the TF angle may offer 
non-medical staff the ability to assess the measurements of Q-
angles in an accelerated and accurate manner; which in-turn may 
save physicians time spent on evaluating radiographs. Automatic 
assessment of the knee alignment angle has been attempted 
before and there also specific devices have been proposed to 
measure TF angles [12]. Reports by Fakhrai et al. [13] have 
demonstrated an active shape model (ASM) based segmentation 
tool, based on which highly accurate Q-angles may be obtained, 
when compared with ground-truth reference results (r2=0.989). 
Further, Umadevi et al [14] demonstrates a promising technique 
for x-ray images to segment the tibia diaphysis  and to identify 
fractures in the bone, employing wavelet methods, region 
growing and active contours. However, our image pre-
processing pipeline followed by Hough transform approach for 
approximating bones with fitted diaphysis lines represents a 
quick and accurate means to compute Q-angles from 
tibiofemoral short radiographs, which obviates the need for 
highly accurate bone segmentation methods such as active shape 
models or active contours. 
 
 
Figure 6. Radiograph of a knee with staples (LEFT) and the accurate 
identification of its left femur centerline using our algorithm (RIGHT). 
 
The calculation of the TF Q-angle not only serves as a basis 
to determine the valgus deformity of a patient but also as a good 
predictor of long-term clinical success in total knee arthroplasty, 
a surgical procedure to restore the integrity and functionality of 
a joint [15]. Therefore, our proposed algorithm may also have 
value in quantifying post-operative recovery after corrective 
surgery for genu valgum. The Q-angles quantified using our 
approach were found to be robust to the presence of implanted 
prosthetic devices like staples. Figure 6 illustrates how our 
image-processing pipeline is robust to the presence of external 
devices in the radiographs, which in this case are staples.  
While the Hough transform approach for diaphysis 
identification was generally found to be robust, on occasion (i.e. 
for example in Patient #7 and #18; see Table 1), when the Hough 
transform was unable to identify two distinct lateral edge lines 
for a given bone and voted for the same line twice, this led to 
incorrectly identification of the bone centerlines and large errors 
in the computed Q-angles. Therefore, in order to make our 
approach truly feasible for clinical utility, the diaphysis detection 
scheme requires further refinement through a more robust 
pipeline for identification of lateral edge lines of the bones.  Fast 
marching methods which directly identify the centerline of the 
diaphysis  may present another alternative for input to the 
Hough-transform, in order to make the method more robust [16]. 
Although this study is focused on the identification of genu 
valgum from x-ray radiographs, it is important to note that not 
only can the demonstrated image processing pipeline can 
identify genu valgum but also genu varum, also known as bow 
legs, since its identification also depends on the calculation of 
the angle between the femur and the tibia. Genu varum is the 
counterpart physical deformity of genu valgum and its 
identification does not vary. Normally, a patient is diagnosed 
with genu varum when the TF Q-angle has a negative value. 
However, a different study involving patients with genu varum 
should be made in order to validate the feasibility of the software 
for quantifying negative Q-angles.  
6. CONCLUSION 
We present a promising automated image processing 
pipeline for assessment of genu valgum from anterior-posterior 
x-ray radiographs. The overarching goal of this study is to 
establish a clinically useful tool for non-medical staff to identify 
genu valgum from x-ray images.  Further validation with a larger 
study cohort is warranted to establish clinical utility of this 
automated diagnostic tool for identifying the valgus deformity.  
In principle, the proposed image processing pipeline for 
automatic TF angle quantification may be extrapolated to 
measure the angles subtended between any pair of bones in any 
limb, including arms / elbows or even spine angles. 
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